CORRESPONDENCE the potential flexibility of the system becomes illusory [28] . Alter 
, [4] .
Let us consider a basic neural communications system modeled as follows: a SS-IPFM encoder, the axonal channel, and a lowpass filtering (LPF) decoder-accounting for some sort of averaging at the receiving end.
As in any communication system, the goal to be achieved here is reliable transmission of information in spite of encoder distortions and channel noise contaminating the signal [5] - [7] . In SMC-7, NO, 12, DECEMBER 1977 By the first way, Bayly obtained an explicit expression for the spectrum of a single tone modulated sequence of rectangular pulses [8] . A new, specific method was devised by Lee [9] . Through the introduction of a "functional model" of the SS-IPFM encoder, he elegantly derived an expression for the modulated signal which is suitable for spectral analysis. Although his result is general and provides insight about the spectral characteristics of the signal, an explicit expression for its spectrum can, here too, be given only for a limited repertoire of input functions.
The purpose of this correspondence is to further increase the analytical power available for the study of neural communication system models employing the SS-IPFM scheme. This is achieved through an alternative derivation of Lee's expansion for the SS-IPFM signal by directly applying the formalism used in the spectral analysis of the naturally sampled pulse position modulation (PPM). Then an interesting similarity between the two modulation schemes (the PPM and SS-IPFM) becomes almost obvious from the formalism applied. Its significance with respect to the analysis of neural communication systems is pointed out and discussed.
II. DEFINITION OF SS-IPFM SIGNAL
Let f (t) > 0 be the modulating (input) function. The SS-IPFM signal f*(t) is defined as a train of impulses occurring at the times tk, f * (t) = E J(t -tk)
where the times of occurrence of consecutive impulses are related by , tk (2) and A represents the threshold of the encoder. Note that if a train of pulses having a shape p(t) is to be produced (instead of the impulse train) the output will be fp*(t) = p(t) (i) f*(t)
where (0 denotes the convolution operator.
It is easily seen that if to is defined to be the time origin (to = 0), an equivalent expression for (2) 
III. SPECTRAL ANALYSIS OF SS-IPFM SIGNAL
Using the "functional encoder" defined by him, Lee has shown [9] that for the purpose of spectral analysis one can write an equivalent expression for f* (t) as J*(t)=f(t) [ A), then 6(t -i") -(0t) g'(t (6) For a formal proof of (6) see [11] .
For the purpose of derivation of Lee's expression (5), let us define a function g(t,k) as g(t,k)-= f(C) d -kA.
*0
It is easy to check that g(t,k) is a monotonically increasing function of t (f(t) > 0 by definition), g(t,k) = 0 having the unique solution at t = tk (see (4)). Furthermore, since g(t,k) f (t) is positive, one can write (6) for this case as (8) (ttk) = (g(t,k))8wt
Substituting (8) for 5(t -tk) into (1) we obtain
Let us now define an auxiliary variable p as follows:
Using the Fourier expansion of a sequence of equally spaced (on the p axis) delta functions [12] , one formally obtains E p-kA)= +1 2 -xc 2AP kI 6p-kA)=A ±A+ -ZICos A-P.
Now substituting (10) for p in (11) we obtain
From (9) and (12) it follows immediately that [-l 2-X 2i,n dC: f(t) =,f(t) + COSiu which is the required result stated in (5) . Thus, by applying the formalism of PPM spectral analysis to the SS-IPFM signal, we easily rederive the expression found by Lee. This fact shows that there might be an intrinsic similarity between the PPM and SS-IPFM. A careful look will show that in a way they are identical.
IV. COMPARISON OF THE PPM WITH SS-IPFM
Separating the input function _f(t) > 0 into its dc and ac components (as is usually done): f(t) =Jdc +Jtac(t) and dividing g(t,k) (defined in (7)) by ,dc we obtain g(t,k)=t-k A+ 1 1dc Jdc 0 (13) Using g(t,k) instead of g(t,k), we obtain from (8) and (9) (14) and (15) Fig. l(a) . The equivalence implies also that one could conceptually construct a scheme for PPM employing a SS-IPFM encoder. This is demonstrated in Fig. 1(b) .
V. DIscuSSION
The equivalence established above makes it possible to apply a considerable amount of analytical knowledge from communication theory to the analysis of neural communication systems. In this context a similar result was obtained by Lee [9] , who has shown the equivalence of SS-IPFM to continuous pulse frequency modulation. We note that a great deal of relevant research has been devoted to multiunit, multipath, neural communication, [8] , [9] , [13] , [14] , and to improved models. As such, the leaky-SS-IPFM was analyzed by Poppele and Chen [15] , employing a PPM scheme. Thus it seems to us that the approach proposed here will enable a deeper understanding of the systems under study. In particular, problems such as the effects of adaptation, and stochastic fluctuations of threshold and membrane potential are currently under investigation.
